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Â ñòàòüå ïðîäîëæàåòñß èññëåäîâàíèå çàäà÷ âîçìîæíîñòíî-âåðîßòíîñ-
òíîé îïòèìèçàöèè, íà÷àòîå â [19, 20, 21]. Ïîëó÷åí ìåòîä ðåøåíèß åùå
îäíîé çàäà÷è âîçìîæíîñòíî-âåðîßòíîñòíîãî ïðîãðàììèðîâàíèß  çàäà-
÷è ìàêñèìèçàöèè íå÷åòêîé ñëó÷àéíîé öåëè ïðè ïîñòðî÷íûõ îãðàíè÷å-
íèßõ ïî âîçìîæíîñòè / âåðîßòíîñòè. Âîçìîæíîñòè ìåòîäà äåìîíñòðè-
ðóþòñß íà ìîäåëüíîì ïðèìåðå.
Research of problems of the possibility-probability optimization started in
[19, 20, 21] continues in the article. Solution method for the problem of
fuzzy random goal optimization under fuzzy constraints is obtained. The
results are demonstrated on an example.
Êëþ÷åâûå ñëîâà: íå÷åòêàß âåëè÷èíà, íå÷åòêàß ñëó÷àéíàß âåëè÷èíà,
âîçìîæíîñòíî-âåðîßòíîñòíàß îïòèìèçàöèß, ýêâèâàëåíòíûé äåòåðìèíè-
ðóåìûé àíàëîã.
Keywords: fuzzy variable, fuzzy random variable, possibility-probability
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Ââåäåíèå
Â ñòàòüå èññëåäóåòñß çàäà÷à ìàêñèìèçàöèè äîñòèæåíèß íå÷åòêîé ñëó÷àéíîé öå-
ëè ïðè ïîñòðî÷íûõ îãðàíè÷åíèßõ ïî âîçìîæíîñòè/âåðîßòíîñòè. Ñòðîèòñß ýêâèâà-
ëåíòíûé äåòåðìèíèðîâàííûé àíàëîã çàäà÷è â òîì ñëó÷àå, êîãäà ïàðàìåòðû ìîäå-
ëè ñîäåðæàò â ñåáå ýëåìåíòû íåîïðåäåëåííîñòè âîçìîæíîñòíîãî è âåðîßòíîñòíîãî
òèïîâ â ïðåäïîëîæåíèè, ÷òî ðàñïðåäåëåíèß âîçìîæíîñòåé ïîëíîñòüþ èçâåñòíû,
à ñëó÷àéíûå ôàêòîðû èìåþò íîðìàëüíûå ôóíêöèè ðàñïðåäåëåíèß. Äîñòîèíñòâà
ìåòîäà äåìîíñòðèðóþòñß íà ìîäåëüíîì ïðèìåðå.
1. Áàçîâûå ïîíßòèß
Ïóñòü Ã åñòü îáû÷íîå (÷åòêîå) ìíîæåñòâî ýëåìåíòîâ, îáîçíà÷àåìûõ äàëåå ÷åðåç
γ ∈ Γ, P (Γ)  ìíîæåñòâî âñåõ ïîäìíîæåñòâ Ã.
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Îïðåäåëåíèå 1. Ìåðîé âîçìîæíîñòè íàçûâàåòñß ôóíêöèß ìíîæåñòâà
pi : P (Γ)→ [0, 1],
îáëàäàþùàß ñâîéñòâàìè
1)pi{∅} = 0, pi{Γ} = 1,
2)pi{
⋃
i∈I
Ai} = sup
i∈I
pi{Ai},
äëß ëþáîãî èíäåêñíîãî ìíîæåñòâà I è ìíîæåñòâ Ai ∈ P (Γ).
Îïðåäåëåíèå 2. Âîçìîæíîñòíîé âåëè÷èíîé íàçûâàåòñß îòîáðàæåíèå Z : Γ →
E1, çíà÷åíèß êîòîðîãî õàðàêòåðèçóþòñß ôóíêöèåé µZ : E1 → [0, 1], íàçûâàåìîé
ðàñïðåäåëåíèåì âîçìîæíîñòåé âåëè÷èíû Z:
µZ(z) = pi{γ ∈ Γ|Z(γ) = z} ∀z ∈ E1.
µZ(z) åñòü âîçìîæíîñòü òîãî, ÷òî âåëè÷èíà Z ìîæåò ïðèíßòü çíà÷åíèå z. Çäåñü è
äàëåå E1, En åñòü åâêëèäîâû ïðîñòðàíñòâà ñîîòâåòñòâóþùåé ðàçìåðíîñòè.
Îïðåäåëåíèå 3. Äåéñòâèòåëüíîå ÷èñëîm íàçûâàåòñß ìîäàëüíûì çíà÷åíèåì âîç-
ìîæíîñòíîé âåëè÷èíû Z, åñëè µZ(m) = 1.
Îïðåäåëåíèå 4. Íîñèòåëåì âîçìîæíîñòíîé âåëè÷èíû Z íàçûâàåòñß ìíîæåñòâî
supp(Z) = {z ∈ E1|µZ(z) > 0}.
Îïðåäåëåíèå 5. Ìíîæåñòâîì α−óðîâíß âîçìîæíîñòíîé âåëè÷èíû Z íàçûâàåòñß
ìíîæåñòâî
Zα = [Z−α , Z
+
α ] = {z ∈ E1|µZ(z) ≥ α}, α ∈ (0, 1].
Îïðåäåëåíèå 6. Âîçìîæíîñòíàß âåëè÷èíà Z íàçûâàåòñß íå÷åòêî âûïóêëîé, åñëè
åå ôóíêöèß ðàñïðåäåëåíèß ßâëßåòñß êâàçèâîãíóòîé:
µZ(λz1 + (1− λ)z2) ≥ min{µZ(z1), µZ(z2)},
∀z1, z2 ∈ E1, ∀λ ∈ [0, 1].
Ïóñòü Z1, . . . , Zn  âîçìîæíîñòíûå âåëè÷èíû. Ôóíêöèß ðàñïðåäåëåíèß ñîâî-
êóïíîñòè âîçìîæíîñòíûõ âåëè÷èí îïðåäåëßåòñß ñëåäóþùèì îáðàçîì:
µZ1,...,Zn(z1, . . . , zn) = pi{γ ∈ Γ|Z1(γ) = z1, . . . , Zn(γ) = zn}, (z1, . . . , zn) ∈ En.
Îïðåäåëåíèå 7. Âîçìîæíîñòíûå âåëè÷èíû Z1, . . . , Zn íàçûâàþòñß âçàèìíî ìè-
íèñâßçàííûìè, åñëè äëß ëþáîãî ïîäìíîæåñòâà {i1, . . . , ik} ìíîæåñòâà {1, . . . , n}
µZi1 ,...,Zik (zi1 , . . . , zik) = min{µZi1 (zi1), . . . , µZik (zik)}, ∀(zi1 , . . . , zik) ∈ Ek.
Çäåñü µZis åñòü îäíîìåðíûå ôóíêöèè ðàñïðåäåëåíèß âîçìîæíîñòåé.
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Ïóñòü F(E1)  ìíîæåñòâî âñåõ íå÷åòêèõ âåëè÷èí, ÷üè ôóíêöèè ðàñïðåäåëåíèß
óäîâëåòâîðßþò óñëîâèßì êâàçèâîãíóòîñòè è ïîëóíåïðåðûâíîñòè ñâåðõó.
Åñëè f ∈ F(E1), òî ∀α ∈ (0, 1], fα = [f−α , f+α ]  çàìêíóòûé èíòåðâàë E1.
Âïåðâûå îïðåäåëåíèå íå÷åòêîé ñëó÷àéíîé âåëè÷èíû áûëî äàíî â ðàáîòàõ [14,
15, 16]. Äàäèì îïðåäåëåíèå, ñëåäóß [13].
Ïóñòü (Ω,A, P )  âåðîßòíîñòíîå ïðîñòðàíñòâî .
Îïðåäåëåíèå 8. Íå÷åòêàß ñëó÷àéíàß âåëè÷èíà a˜ åñòü âåùåñòâåííàß ôóíêöèß
a˜ : Ω × Γ → E1, òàêàß, ÷òî ïðè ëþáîì ôèêñèðîâàííîì γ ∈ Γ, aγ(ω) ßâëßåòñß
ñëó÷àéíîé âåëè÷èíîé, îïðåäåëåííîé íà (Ω,A, P ).
Ðàñïðåäåëåíèå íå÷åòêîé ñëó÷àéíîé âåëè÷èíû ìîæíî ðàññìàòðèâàòü òàêæå, êàê
è â ñëó÷àå íå÷åòêîé ïåðåìåííîé, ò.å. ñëåäóþùèì îáðàçîì:
µa˜(x, ω) = pi{γ ∈ Γ| a˜(ω, γ) = x}, ∀x ∈ E1, ∀ω ∈ Ω.
Îïðåäåëåíèå 9. α−óðîâíåâûì ìíîæåñòâîì íå÷åòêîé ñëó÷àéíîé âåëè÷èíû íàçû-
âàåòñß ìíîæåñòâî aα(ω) = {t ∈ E1 |µa˜(ω,γ)(t) ≥ α}, 0 < α ≤ 1.
Â ðàáîòå [10] ââåäåíî ñäâèã-ìàñøòàáíîå ïðåäñòàâëåíèå ñëó÷àéíîé íå÷åòêîé
âåëè÷èíû.
Îïðåäåëåíèå 10. Íå÷åòêàß ñëó÷àéíàß âåëè÷èíàX(ω, γ) èìååò ñäâèã-ìàñøòàáíîå
ïðåäñòàâëåíèå, åñëè:
X(ω, γ) = a(ω) + σ(ω)X0(γ),
ãäå a(ω), σ(ω)  ñëó÷àéíûå âåëè÷èíû, îïðåäåëåííûå íà âåðîßòíîñòíîì ïðîñòðàí-
ñòâå (Ω,A, P ), à X0(γ)  íå÷åòêàß (âîçìîæíîñòíàß) âåëè÷èíà, îïðåäåëåííàß íà
âîçìîæíîñòíîì ïðîñòðàíñòâå (Γ, P (Γ),Π).
2. Ïðèíöèï ïðèíßòèß ðåøåíèé
Â êà÷åñòâå íå÷åòêèõ ñëó÷àéíûõ ôóíêöèé, êîòîðûå ôîðìèðóþò ìîäåëü êðè-
òåðèß è ìîäåëü îãðàíè÷åíèß èñïîëüçóþòñß îòîáðàæåíèß fi(·, ·, ·) : X × Ω × Γ →
E1, i = 0, . . . ,m, ãäå X åñòü ìíîæåñòâî äîïóñòèìûõ ðåøåíèé, X ⊂ En. Ñëåäîâà-
òåëüíî, ìíîæåñòâî äîïóñòèìûõ ðåøåíèé ìîæåò áûòü ïîëó÷åíî êîìáèíèðîâàíèåì
ýëåìåíòîâ ìíîæåñòâà ðåøåíèé ñ ýëåìåíòàìè ìíîæåñòâ ñëó÷àéíûõ è íå÷åòêèõ ïà-
ðàìåòðîâ. Ïîýòîìó ëþáîå êîíêðåòíîå ðåøåíèå íå ìîæåò áûòü íàïðßìóþ ñâßçàíî
íè ñî ñòåïåíüþ äîñòèæåíèß öåëè, íè ñî ñòåïåíüþ âûïîëíåíèß ñèñòåìû îãðàíè÷å-
íèé [11].
Ñóùåñòâîâàíèå äâóõ ðàçëè÷íûõ òèïîâ íåîïðåäåëåííîñòè â ïàðàìåòðàõ ôóíê-
öèé fi(x, ω, γ) óñëîæíßåò ôîðìàëèçàöèþ ïðèíöèïîâ ïðèíßòèß ðåøåíèß. Òåì íå
ìåíåå ïðîöåäóðà ïðèíßòèß ðåøåíèß ìîæåò áûòü åñòåñòâåííûì îáðàçîì îñíîâàíà
íà ïðèíöèïàõ ïðèíßòèß ðåøåíèé, èñïîëüçóåìûõ â ñòîõàñòè÷åñêîé [6] è âîçìîæ-
íîñòíîé îïòèìèçàöèè [11] èëè ïóòåì êîìáèíèðîâàíèß èõ:
- óñðåäíåíèå íå÷åòêîé è/èëè ñëó÷àéíîé âåëè÷èí, êîòîðîå ïîçâîëßåò ðåøàòü
çàäà÷è ñ íå÷åòêèìè ñëó÷àéíûìè äàííûìè;
- âûáîð îïòèìàëüíîãî ðåøåíèß ñ íàèáîëåå âîçìîæíûìè/âåðîßòíûìè çíà÷åíè-
ßìè íå÷åòêèõ/ñëó÷àéíûõ ïàðàìåòðîâ èëè ñ âîçìîæíîñòüþ/âåðîßòíîñòüþ íå íèæå
çàäàííîãî óðîâíß.
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Äðóãèå ïîäõîäû ê îïòèìèçàöèè â óñëîâèßõ íå÷åòêèõ äàííûõ îïèñàíû â [3, 17,
18].
3. Ìîäåëü öåëåâîãî ôóíêöèîíàëà
Èñïîëüçîâàíèå ïðèíöèïîâ ïðèíßòèß ðåøåíèé, ïðåäñòàâëåííûõ â ðàçäåëå 2,
ïðèâîäèò íàñ ê ñëåäóþùåé ìîäåëè êðèòåðèß:
k → max,
P{pi{f0(x, ω, γ) ≥ k} ≥ α0} ≥ p0, (1)
ãäå α0 ∈ (0; 1], p0 ∈ (0; 1].
Ìû îãðàíè÷èìñß ðàññìîòðåíèåì ñëó÷àß ëèíåéíûõ ôóíêöèé:
f0(x, ω, γ) =
n∑
j=1
a0j(ω, γ)xj .
Ïðåäïîëîæèì òàêæå, ÷òî êîýôôèöèåíòû ëèíåéíûõ ôóíêöèé èìåþò ñäâèã-
ìàñøòàáíîå ïðåäñòàâëåíèå, òî åñòü:
a0j(ω, γ) = a˜0j(ω) + σ˜0j(ω)X̂0j(γ),
à íå÷åòêèå êîìïîíåíòû ìîäåëèðóþòñß ñèììåòðè÷íûìè òðèàíãóëßðíûìè ôóíêöè-
ßìè ðàñïðåäåëåíèß.
X̂0j(γ) ∈ Tr(â0j , d̂0j).
Òîãäà î÷åâèäíî, ÷òî ïðè ôèêñèðîâàííûõ ω ∈ Ω, x ∈ X
a0j(ω, γ) ∈ Tr(â0j σ˜0j(ω) + a˜0j(ω), d̂0j σ˜0j(ω));
f0(x, ω, γ) ∈ Tr
 n∑
j=1
(â0j σ˜0j(ω) + a˜0j(ω))xj ,
n∑
j=1
d̂0j σ˜0j(ω)xj
 .
Ðàññìîòðèì α0-óðîâíåâîå ìíîæåñòâî âîçìîæíîñòíîé ôóíêöèè f0(x, ω, γ).
fα00 (x, ω) = [f
α0
0L (x, ω), f
α0
0R(x, ω)] =
=
 n∑
j=1
aα00jL(ω)xj ,
n∑
j=1
aα00jR(ω)xj
 .
Ïðèíèìàß âî âíèìàíèå [11, 12], ïîñòðîèì äëß (1) ýêâèâàëåíòíóþ ìîäåëü êðè-
òåðèß:
k → max,
P{k ≤
n∑
j=1
aα00jR(ω)xj} ≥ p0. (2)
Î ÌÅÒÎÄÅ ÐÅØÅÍÈß ÎÄÍÎÉ ÇÀÄÀ×È... 99
Òàê êàê êîýôôèöèåíòû aαi0jR(ω) èìåþò íîðìàëüíûå ôóíêöèè ðàñïðåäåëåíèß è
íåçàâèñèìû, òî:
aα00jR(ω) ∈ N(mα00jR, dα00jR).
Ââåäåì îáîçíà÷åíèß:
fR0 (x, ω) =
n∑
j=1
aαoojR(ω)xj ,
mR0 (x) =
n∑
j=1
mα00jRxj ,
dR0 (x) =
n∑
j,l=1
cαi0jlRxjxl,
ãäå cαi0jlR  êîâàðèàöèè ñëó÷àéíûõ âåëè÷èí a
α0
0jR(ω), a
αi
0lR(ω), j, l = 1, n.
Òîãäà fR0 (x, ω) ∈ N(mR0 (x), dR0 (x)).
Ñ èñïîëüçîâàíèåì ââåäåííûõ îáîçíà÷åíèé (2) èìååò âèä
P{fR0 (x, ω) ≥ k} ≥ p0.
Äëß ïîëó÷åííîãî îãðàíè÷åíèß ïî âåðîßòíîñòè ïîñòðîèì åãî ýêâèâàëåíòíûé ÷åòêèé
àíàëîã.
Èìååì:
P{fR0 (x, ω) ≥ k} = 1− P{fR0 (x, ω) < k} =
= 1− P
{
fR0 (x, ω)−mR0 (x)√
dR0 (x)
<
k −mR0 (x)√
dR0 (x)
}
=
= 1− Φ
{
k −mR0 (x)√
dR0 (x)
}
≥ p0,
ãäå Φ åñòü ôóíêöèß ñòàíäàðòíîãî íîðìàëüíîãî ðàñïðåäåëåíèß.
Â ðåçóëüòàòå ìîäåëü êðèòåðèß, ýêâèâàëåíòíàß (2), èìååò âèä:
k → max,
Φ
{
k −mR0 (x)√
dR0 (x)
}
≤ 1− p0. (3)
Ïóñòü δ0 åñòü ðåøåíèå óðàâíåíèß Φ(t) = 1−p0. Òîãäà (3) ìîæåò áûòü çàïèñàíà
â âèäå
k → max,
k ≤ mR0 (x) + δ0
√
dR0 (x), (4)
èëè:
mR0 (x) + δ0
√
dR0 (x)→ max
x∈X
. (5)
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4. Ìîäåëü îãðàíè÷åíèé
Ðàññìîòðèì ìîäåëü îãðàíè÷åíèß â íå÷åòêî-ñëó÷àéíîé ïîñòàíîâêå.
P{pi{fi(x, ω, γ) = 0} ≥ αi} ≥ pi, (6)
ãäå i = 1,m, αi ∈ (0; 1], pi ∈ (0; 1].
Ìû òàêæå îãðàíè÷èìñß ñëó÷àåì ðàññìîòðåíèß ëèíåéíûõ ôóíêöèé:
fi(x, ω, γ) =
n∑
j=1
aij(ω, γ)xj − bi(ω, γ).
Ïðåäïîëîæèì òàêæå, ÷òî êîýôôèöèåíòû ëèíåéíûõ ôóíêöèé èìåþò ñäâèã-
ìàñøòàáíîå ïðåäñòàâëåíèå, òî åñòü:
aij(ω, γ) = a˜ij(ω) + σ˜ij(ω)X̂ij(γ),
bi(ω, γ) = b˜i(ω) + σ˜i(ω)X̂i(γ),
à íå÷åòêèå êîìïîíåíòû èìåþò òðèàíãóëßðíûå ôóíêöèè ðàñïðåäåëåíèß.
X̂ij(γ) ∈ Tr(âij , d̂ij); X̂i(γ) ∈ Tr(̂bi, d̂i).
Òîãäà, î÷åâèäíî, ÷òî ïðè ôèêñèðîâàííûõ ω ∈ Ω, x ∈ X
aij(ω, γ) ∈ Tr(âij σ˜ij(ω) + a˜ij(ω), d̂ij σ˜ij(ω));
bi(ω, γ) ∈ Tr(̂biσ˜i(ω) + b˜i(ω), d̂iσ˜i(ω));
fj(x, ω, γ) ∈ Tr(
n∑
j=1
(âij σ˜ij(ω)+ a˜ij(ω))xj − b̂iσ˜i(ω)− b˜i(ω),
n∑
j=1
d̂ij σ˜ij(ω)xj + d̂iσ˜i(ω)).
Ðàññìîòðèì αi-óðîâíåâûå ìíîæåñòâà âîçìîæíîñòíûõ ôóíêöèé fi(x, ω, γ).
fαii (x, ω) = [f
αi
iL (x, ω), f
αi
iR(x, ω)] =
= [
n∑
j=1
aαiijL(ω, γ)xj − bαiiL(ω, γ),
n∑
j=1
aαiijR(ω, γ)xj − bαiiR(ω, γ)].
Ïðèíèìàß âî âíèìàíèå [11], ïîñòðîèì äëß (6) ýêâèâàëåíòíóþ ñèñòåìó îãðàíè-
÷åíèé: 
P{
n∑
j=1
aαiijL(ω)xj − bαiiR(ω) ≤ 0} ≥ pi,
P{
n∑
j=1
aαiijR(ω)xj − bαiiL(ω) ≥ 0} ≥ pi, i = 1, . . . ,m,
(7)
Òàê êàê êîýôôèöèåíòû aαiijL(ω), aαiijR(ω), bαiiR(ω), bαiiL(ω) èìåþò íîðìàëüíûå ôóíê-
öèè ðàñïðåäåëåíèß, òî:
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aαiijL(ω) ∈ N(mαiijL, dαiijL); aαiijR(ω) ∈ N(mαiijR, dαiijR);
bαiiL(ω) ∈ N(mαiiL, dαiiL); bαiiR(ω) ∈ N(mαiiR, dαiiR).
Ââåäåì îáîçíà÷åíèß:
fLRi (x, ω) =
n∑
j=1
aαiijL(ω)xj − bαiiR(ω),
mLRi (x) =
n∑
j=1
mαiijLxj −mαiiR,
dLRi (x) =
n∑
j,l=1
cαiijlLxjxl +
n∑
j=1
cαiijRxj ,
ãäå cαiijR, cαiijlL  êîâàðèàöèè ñëó÷àéíûõ âåëè÷èí.
Òîãäà fLRi (x, ω) ∈ N(mLRi (x), dLRi (x)).
Ñ èñïîëüçîâàíèåì ââåäåííûõ îáîçíà÷åíèé ïåðâîå îãðàíè÷åíèå ñèñòåìû (7) èìå-
åò âèä P{fLRi (x, ω) ≤ 0} ≤ pi. Äëß ïîëó÷åííîãî îãðàíè÷åíèß ïî âåðîßòíîñòè ïî-
ñòðîèì åãî ýêâèâàëåíòíûé ÷åòêèé àíàëîã.
Èìååì:
P{fLRi (x, ω) ≤ 0} = P
{
fLRi (x, ω)−mLRi (x)√
dLRi (x)
≤ −m
LR
i (x)√
dLRi (x)
}
= 1− Φ
{
mLRi (x)√
dLRi (x)
}
≥ pi,
ãäå Φ åñòü ôóíêöèß ñòàíäàðòíîãî íîðìàëüíîãî ðàñïðåäåëåíèß.
Àíàëîãè÷íûì îáðàçîì ïðè ñäåëàííûõ îáîçíà÷åíèßõ:
fRLi (x, ω) =
n∑
j=1
aαiijR(ω)xj − bαiiL(ω),
mRLi (x) =
n∑
j=1
mαiijRxj −mαiiL,
dRLi (x) =
n∑
j,l=1
cαiijlRxjxl −
n∑
j=1
cαiijLxj ,
ãäå cαiijL, cαiijlR  êîâàðèàöèè ñëó÷àéíûõ âåëè÷èí.
Ïîëó÷àåì, ÷òî fRLi (x, ω) ∈ N(mRLi (x), dRLi (x)).
Ïîýòîìó âòîðîå îãðàíè÷åíèå ñèñòåìû (7) ìîæåò áûòü ïðåîáðàçîâàíî ê ýêâèâà-
ëåíòíîìó ñëåäóþùèì îáðàçîì:
P{fRLi (x, ω) ≥ 0} = 1− P{fRLi (x, ω) ≤ 0} = 1− P
{
fRLi (x, ω)−mRLi (x)√
dRLi (x)
≤ −m
RL
i (x)√
dRLi (x)
}
=
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= Φ
{
mRLi (x)√
dRLi (x)
}
≥ pi.
Â ðåçóëüòàòå ñèñòåìà îãðàíè÷åíèé, ýêâèâàëåíòíàß ñèñòåìå (7), èìååò âèä:
Φ
{
mLRi (x)√
dLRi (x)
}
≤ 1− pi,
Φ
{
mRLi (x)√
dRLi (x)
}
≥ pi, i = 1, . . . ,m.
(8)
Ïóñòü βi è δi åñòü ðåøåíèß óðàâíåíèé Φ(t) = 1− pi è Φ(t) = pi ñîîòâåòñòâåííî.
Òîãäà ñèñòåìà (3) ìîæåò áûòü çàïèñàíà â âèäå{
mLRi (x)− βi
√
dLRi (x) ≤ 0,
mRLi (x)− δi
√
dRLi (x) ≥ 0, i = 1, . . . ,m.
(9)
Ëîãè÷íî ïðåäïîëîæèòü, ÷òî ãàðàíòèðîâàòü âûïîëíåíèå ïåðâîãî íåðàâåíñòâà
âîçìîæíî ïðè βi ≥ 0. Àíàëîãè÷íî ãàðàíòèðîâàòü âûïîëíåíèå âòîðîãî íåðàâåíñòâà
âîçìîæíî ïðè δi ≤ 0. Òàê êàê βi è δi åñòü ðåøåíèß óðàâíåíèé Φ(t) = 1 − pi è
Φ(t) = pi ñîîòâåòñòâåííî, òî ïîëó÷åííàß ñèñòåìà îãðàíè÷åíèé îïðåäåëßåò íåïóñòîå
ìíîæåñòâî äîïóñòèìûõ ðåøåíèé ïðè p ≤ 0.5. Ïðè p > 0.5 ñèñòåìà òàêæå ìîæåò
îïðåäåëßòü íåïóñòîå ìíîæåñòâî, íî ýòî çàâèñèò îò êîíêðåòíûõ ðàññìàòðèâàåìûõ
ðàñïðåäåëåíèé äëß ñëó÷àéíûõ ïàðàìåòðîâ è èíäèâèäóàëüíî äëß êàæäîé çàäà÷è.
5. Ìîäåëüíûé ïðèìåð
Ðàññìîòðèì çàäà÷ó:
k → max,
P{pi{a01(ω, γ)x1 + a02(ω, γ)x2 = k} ≥ 0.8} ≥ 0.3,
P{pi{a11(ω, γ)x1 + a12(ω, γ)x2 − b1(ω, γ) = 0} ≥ 0.7} ≥ 0.2,
P{pi{a21(ω, γ)x1 + a22(ω, γ)x2 − b2(ω, γ) = 0} ≥ 0.9} ≥ 0.25,
x1 ≥ 0, x2 ≥ 0.
(10)
Ïðåäïîëîæèì, ÷òî ëèíåéíûå êîýôôèöèåíòû èìåþò ñäâèã-ìàñøòàáíîå ïðåä-
ñòàâëåíèå, òî åñòü:
aij(ω, γ) = a˜ij(ω) + σ˜ij(ω)X̂ij(γ),
bi(ω, γ) = b˜i(ω) + σ˜i(ω)X̂0(γ),
ãäå äîïóñêàåì, ÷òî íå÷åòêèå êîìïîíåíòû ïðåäñòàâëåíèß èìåþò òðèàíãóëßðíûå
ôóíêöèè ðàñïðåäåëåíèß:
X̂01(γ) ∈ Tr(3, 1); X̂02(γ) ∈ Tr(2, 1);
X̂11(γ) ∈ Tr(4, 1); X̂12(γ) ∈ Tr(3, 1); X̂1(γ) ∈ Tr(12, 1);
X̂21(γ) ∈ Tr(1, 1); X̂22(γ) ∈ Tr(2, 1); X̂2(γ) ∈ Tr(4, 1).
Òîãäà, î÷åâèäíî, ÷òî ïðè ôèêñèðîâàííûõ ω ∈ Ω, x ∈ X
a01(ω, γ) ∈ Tr(3σ˜0j(ω) + a˜0j(ω), σ˜0j(ω));
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a02(ω, γ) ∈ Tr(2σ˜0j(ω) + a˜0j(ω), σ˜0j(ω));
a11(ω, γ) ∈ Tr(4σ˜0j(ω) + a˜0j(ω), σ˜0j(ω));
a12(ω, γ) ∈ Tr(3σ˜0j(ω) + a˜0j(ω), σ˜0j(ω));
b1(ω, γ) ∈ Tr(12σ˜0(ω) + b˜0(ω), σ˜0(ω));
a21(ω, γ) ∈ Tr(σ˜0j(ω) + a˜0j(ω), σ˜0j(ω));
a22(ω, γ) ∈ Tr(2σ˜0j(ω) + a˜0j(ω), σ˜0j(ω));
b2(ω, γ) ∈ Tr(4σ˜0(ω) + b˜0(ω), σ˜0(ω));
f0(x, ω, γ) ∈ Tr((3σ˜01(ω) + a˜01(ω))x1 + (2σ˜02(ω) + a˜02(ω))x2,
σ˜01(ω)x1 + σ˜02(ω)x2),
f1(x, ω, γ) ∈ Tr((4σ˜01(ω) + a˜01(ω))x1 + (3σ˜02(ω) + a˜02(ω))x2 − 12σ˜0(ω)− b˜0(ω),
σ˜01(ω)x1 + σ˜02(ω)x2 + σ˜0(ω)),
f2(x, ω, γ) ∈ Tr((σ˜01(ω) + a˜01(ω))x1 + (2σ˜02(ω) + a˜02(ω))x2 − 4σ˜0(ω)− b˜0(ω),
σ˜01(ω)x1 + σ˜02(ω)x2 + σ˜0(ω)),
ñ îïðåäåëåííîé âåðîßòíîñòüþ.
Ðàññìîòðèì αi-óðîâíåâûå ìíîæåñòâà âîçìîæíîñòíûõ ôóíêöèé fi(x, ω, γ), i =
0, 1, 2.
f0.80 (x, ω) = [f
0.8
0L (x, ω), f
0.8
0R (x, ω)] =
= [
n∑
j=1
a0.80jL(ω)xj − b0.80L (ω),
n∑
j=1
a0.80jR(ω)xj − b0.80R(ω)],
f0.71 (x, ω) = [f
0.7
1L (x, ω), f
0.7
1R (x, ω)] =
= [
n∑
j=1
a0.71jL(ω)xj − b0.71L (ω),
n∑
j=1
a0.71jR(ω)xj − b0.71R(ω)],
f0.92 (x, ω) = [f
0.9
2L (x, ω), f
0.9
2R (x, ω)] =
= [
n∑
j=1
a0.92jL(ω)xj − b0.92L (ω),
n∑
j=1
a0.92jR(ω)xj − b0.92R(ω)].
Ïîñòðîèì ýêâèâàëåíòíóþ ñèñòåìó îãðàíè÷åíèé:
k → max,
P{k ≤
n∑
j=1
a0.80jR(ω)xj} ≥ 0.3,
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
P{
n∑
j=1
a0.71jL(ω)xj − b0.71R(ω) ≤ 0} ≥ 0.2,
P{
n∑
j=1
a0.71jR(ω)xj − b0.71L (ω) ≥ 0} ≥ 0.2,
P{
n∑
j=1
a0.92jL(ω)xj − b0.92R(ω) ≤ 0} ≥ 0.25,
P{
n∑
j=1
a0.92jR(ω)xj − b0.92L (ω) ≥ 0} ≥ 0.25.
Òàê êàê êîýôôèöèåíòû
a0.80jL(ω), a
0.8
0jR(ω), a
0.7
1jL(ω), a
0.7
1jR(ω), a
0.9
2jL(ω), a
0.9
2jR(ω), b
0.7
1L (ω), b
0.7
1R(ω), a
0.9
2L (ω), a
0.9
2R(ω)
èìåþò íîðìàëüíûå ôóíêöèè ðàñïðåäåëåíèß, à òàêæå ó÷èòûâàß èõ íåçàâèñèìîñòü,
èìååì:
a0.801L(ω) ∈ N(2.9, 1); a0.801R(ω) ∈ N(3.1, 1);
a0.802L(ω) ∈ N(1.9, 1); a0.802R(ω) ∈ N(2.1, 1);
a0.711L(ω) ∈ N(3.85, 1); a0.711R(ω) ∈ N(4.15, 1);
a0.712L(ω) ∈ N(2.85, 1); a0.712R(ω) ∈ N(3.15, 1);
a0.921L(ω) ∈ N(0.95, 1); a0.921R(ω) ∈ N(1.05, 1);
a0.922L(ω) ∈ N(1.95, 1); a0.922R(ω) ∈ N(2.05, 1);
b0.71L (ω) ∈ N(11.85, 1); b0.71R(ω) ∈ N(12.15, 1);
b0.92L (ω) ∈ N(3.95, 1); b0.92R(ω) ∈ N(4.05, 1).
Ïðè ïðèíßòûõ îáîçíà÷åíèßõ:
fR0 (x, ω) =
n∑
j=1
a0,8ojR(ω)xj ,
mR0 (x) = 3.1x1 + 2.1x2,
dR0 (x) = x
2
1 + x
2
2.
Ïîëó÷àåì, ÷òî fR0 (x, ω) ∈ N(3.1x1 + 2.1x2, x21 + x22).
Ñïðàâåäëèâî ïðåîáðàçîâàíèå:
P{fR0 (x, ω) ≥ k} = 1− P{fR0 (x, ω) ≤ k} = 1− Φ
{
k − 3.1x1 − 2.1x2√
x21 + x
2
2
}
≥ 0.3.
Àíàëîãè÷íî:
fLR1 (x, ω) =
n∑
j=1
a0,71jL(ω)xj − b0,71R(ω),
mLR1 (x) = 3.85x1 + 2.85x2 − 12.15,
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dLR1 (x) = x
2
1 + x
2
2 + 1.
Òîãäà fLR1 (x, ω) ∈ N(3.85x1 + 2.85x2 − 12.15, x21 + x22 + 1).
Èìååì:
P{fLR1 (x, ω) ≤ 0} = Φ
{
3.85x1 + 2.85x2 − 12.15√
x21 + x
2
2 + 1
}
≤ 0.8.
Àíàëîãè÷íûì îáðàçîì:
fRL1 (x, ω) =
n∑
j=1
a0.71jR(ω)xj − b0.71L (ω),
mRLi (x) = 4.15x1 + 3.15x2 − 11.85,
dRL1 (x) = x
2
1 + x
2
2 + 1.
Ïîëó÷àåì, ÷òî fRL1 (x, ω) ∈ N(4.15x1 + 3.15x2 − 11.85, x21 + x22 + 1).
Ïîýòîìó:
P{fRL1 (x, ω) ≥ 0} = Φ
{
4.15x1 + 3.15x2 − 11.85√
x21 + x
2
2 + 1
}
≥ 0.2.
Äëß âòîðîãî îãðàíè÷åíèß èñõîäíîé ñèñòåìû èìååì:
fLR2 (x, ω) =
n∑
j=1
a0,92jL(ω)xj − b0,92R(ω),
mLR2 (x) = 0.95x1 + 1.95x2 − 4.05,
dLR2 (x) = x
2
1 + x
2
2 + 1.
Òîãäà fLR2 (x, ω) ∈ N(0.95x1 + 1.95x2 − 4.05, x21 + x22 + 1).
Èìååì:
P{fLR2 (x, ω) ≤ 0} = Φ
{
0.95x1 + 1.95x2 − 4.05√
x21 + x
2
2 + 1
}
≤ 0.75.
Àíàëîãè÷íûì îáðàçîì:
fRL2 (x, ω) =
n∑
j=1
a0.92jR(ω)xj − b0.92L (ω),
mRL2 (x) = 1.05x1 + 2.05x2 − 3.95,
dRL2 (x) = x
2
1 + x
2
2 + 1.
Ïîëó÷àåì, ÷òî fRL2 (x, ω) ∈ N(1.05x1 + 2.05x2 − 3.95, x21 + x22 + 1).
Ïîýòîìó:
P{fRL2 (x, ω) ≥ 0} = Φ
{
1.05x1 + 2.05x2 − 3.95√
x21 + x
2
2 + 1
}
≥ 0.25.
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Ïî òàáëèöàì ñòàíäàðòíîãî íîðìàëüíîãî ðàñïðåäåëåíèß íàõîäèì: δ0 = 0.52,
β1 = 0.84, δ1 = −0.84, β2 = 1, 28, δ2 = −1, 28.
Òîãäà èñõîäíàß çàäà÷à èìååò ñëåäóþùèé ýêâèâàëåíòíûé àíàëîã:
3.15x1 + 2.15x2 − 0.52
√
x21 + x
2
2 → max, (11)
3.85x1 + 2.85x2 − 0.84
√
x21 + x
2
2 + 1 ≤ 12.15,
4.15x1 + 3.15x2 + 0.84
√
x21 + x
2
2 + 1 ≥ 11.85,
0.95x1 + 1.95x2 − 1.28
√
x21 + x
2
2 + 1 ≤ 4.05,
1.05x1 + 2.05x2 + 1.28
√
x21 + x
2
2 + 1 ≥ 3.95,
x1 ≥ 0, x2 ≥ 0.
(12)
Ïîëó÷åííàß çàäà÷à (11), (12) ßâëßåòñß çàäà÷åé íåâûïóêëîãî ïðîãðàììèðîâà-
íèß. Ýòî îáóñëîâëåíî òåì, ÷òî âåðîßòíîñòü pi < 0.5, ∀i = 1, 2. Íåâûïóêëàß îáëàñòü
äîïóñòèìûõ ðåøåíèé, îïðåäåëßåìàß (12), ïðåäñòàâëåíà íà ðèñ. 1. Öåëåâàß ôóíê-
öèß çàäà÷è ßâëßåòñß âîãíóòîé.
Ðèñ. 1: Îáëàñòü äîïóñòèìûõ ðåøåíèé.
Ïîëó÷åííàß çàäà÷à ðåøàëàñü ñ èñïîëüçîâàíèåì ðåøàòåëß ïàêåòà MS Excel,
ìåòîäîì ñîïðßæåííûõ ãðàäèåíòîâ. Ïîëó÷åíî ñëåäóþùåå îïòèìàëüíîå ðåøåíèå:
x∗1 = 4.07, x
∗
2 = 0, çíà÷åíèå öåëåâîãî ôóíêöèîíàëà ðàâíî 10.7.
Ðàññìîòðèì ñëó÷àé, êîãäà óðîâíè âåðîßòíîñòè pi ≥ 0.5 : p1 = 0.52, p2 = 0.53.
Îáëàñòü äîïóñòèìûõ ðåøåíèé çàäà÷è â ýòîì ñëó÷àå ïðåäñòàâëåíà íà ðèñ.2.
Çàäà÷à ïðè óðîâíßõ âåðîßòíîñòè p1 = 0.52, p2 = 0.53 òàê æå ðåøàëàñü ñ èñïîëü-
çîâàíèåì ðåøàòåëß ïàêåòà MS Excel, ìåòîäîì ñîïðßæåííûõ ãðàäèåíòîâ. Ïîëó÷åíî
ñëåäóþùåå îïòèìàëüíîå ðåøåíèå: x∗1 = 2.52, x∗2 = 0.71, çíà÷åíèå öåëåâîãî ôóíê-
öèîíàëà ðàâíî 8.3.
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Ðèñ. 2: Îáëàñòü äîïóñòèìûõ ðåøåíèé.
Çàìå÷àíèå. Íåòðóäíî âèäåòü, ÷òî ïðè pi = 0.5, i = 1, 2 ñèñòåìà (12) òðàíñôîð-
ìèðóåòñß â ñèñòåìó ëèíåéíûõ îãðàíè÷åíèé.
Çàêëþ÷åíèå
Â ñòàòüå èññëåäîâàíà çàäà÷à ìàêñèìèçàöèè íå÷åòêîé ñëó÷àéíîé öåëè ïðè ïî-
ñòðî÷íûõ îãðàíè÷åíèßõ ïî âîçìîæíîñòè / âåðîßòíîñòè. Äëß ìîäåëè êðèòåðèß è
ìîäåëè îãðàíè÷åíèé áûëè ïîñòðîåíû èõ ýêâèâàëåíòíûå ÷åòêèå àíàëîãè. Èññëåäó-
åìàß çàäà÷à áûëà ñâåäåíà ê çàäà÷å êâàäðàòè÷íîãî ïðîãðàììèðîâàíèß. Ïîëó÷åí-
íûå ìåòîäû ðåøåíèß ïîçâîëßþò ðàñøèðèòü êëàññ ðåøàåìûõ ïðàêòè÷åñêèõ çàäà÷
âîçìîæíîñòíî-âåðîßòíîñòíîé îïòèìèçàöèè. Ïðîâåäåíî èññëåäîâàíèå ìåòîäà ðåøå-
íèß çàäà÷è íà ìîäåëüíîì ïðèìåðå.
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